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ABSTRACT
Classical biological control has been practiced in Hawaii for almost a hundred years due
to the influx ofmany new immigrant pest species into the Islands. Six hundred seventy-nine
species oforganisms were purposely introduced and released in Hawaii during 1890 to 1985
for the biological control of insects, weeds, and other pest species; 243 (35.8%) have become
established. Two hundred ten (86.4%) of the 243 established species have been recorded to
prey on or attack about 200 pest species. Of the 210, 64.6% (157 of 243 species) attack the
intended target pests only, while 21.8% (53 of243 species) attack both target and non-target
pest species. The remaining 33 (13.6%) of the 243 established species have been reported to
prey on or attack pest, native and/or beneficial species. Of the 33, 8.2% (20 or 243 species)
have been reported from native species, 7.0% (17 of243 species) from beneficial organisms.
No purposely introduced species, approved for release in the past 21 years, has been
recorded to attack any native or other desirable species.
INTRODUCTION
Hawaii's government has been practicing classical biological control,
i.e., the suppression of pest populations by introduction and liberation of
natural enemies, for almost a hundred years. While attempts to control
pests through the introduction ofanimals into Hawaii have been made by
private citizens as early as 1865, it was not until 25 years later, in 1890, that
the concepts and procedures of biological control were actually
sanctioned by the reigning Hawaiian government.
Prior to the establishment of procedures for biological control work,
the myna bird, Acridotheres tristis tristis (L.), and the mongoose, Herpestes
auropunctatus auropunctatus Hodgson, were introduced and released in
Hawaii.
The myna was brought to Hawaii from India in 1865 by Dr. William
Hillcbrand, a physician-naturalist and author ofthe Flora ofthe Hawaiian
Islands, to feed on armyworms that were infesting pastures (Berger
1981). It spread and multiplied at a rapid rate and for many years has
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been common throughout the State. It has been accused ofbeing a major
factor in the extinction of many native Hawaiian birds although Caum
(1933) and Berger (1981) believed that the myna had little or nothing to
do with the extinction of native birds. The myna, has also been implicated
as playing a large role in the dissemination of the noxious weed, Lantana
camera L., by feeding on the berries and spreading the undigested seeds
via droppings in lowland areas (Pemberton 1964).
The mongoose, native to India, was imported from Jamaica, British
West Indies, by Hamakua plantation owners in 1883 and 1885 and liber
ated in sugarcane fields on the islands ofHawaii, Maui, Molokai and Oahu
(Baldwin et al. 1952; Doty 1945; Kramer 1971; Tomich 1986). The
mongoose became established on these four islands and, in addition to
preying on rats, it unfortunately preyed on other fauna, including
ground nesting birds (Berger 1981; Kramer 1971; Tomich 1986).
Today, the mongoose (more so than the myna) is often mentioned as a
classic example of "biological control gone astray" because of lack of
planning and poor evaluation prior to its introduction. However, it must
be realized that prior to 1890, planning and evaluation before the intro
duction of any organism were nonexistent simply because they were not
required. There were no laws or regulations restricting or prohibiting the
importation of any plant or animal from other geographical areas into
Hawaii. It was only since 1890 that biological control procedures were
established through authorization by the reigning government of Hawaii.
More recently, others have also indicated that some biological control
introductions have been responsible for causing the extinction ofsome of
our native biota, especially native moths (Gagne and Howarth 1982;
Howarth 1985).
The purpose of this paper is to examine whether or not organisms
purposely introduced for biological control are attacking hosts or prey
other than the pest species for which they were brought in to control.
HISTORICAL BACKGROUND OF BIOLOGICAL CONTROL IN
HAWAII
During the late 1800's, as contacts with foreign countries were opened
and efforts were directed toward developing Hawaii's lands for diver
sified crops, many new species of plants were introduced without restraint
and many species of immigrant insect pests gained entry into Hawaii. In
1890, the Hawaiian Kingdom under the reign of King David Kalakaua,
enacted "Laws of the Hawaiian Islands" to prevent immigrant insect pests
from entering Hawaii, and to control those already established. Sub
sequently, in 1893, the year that the Hawaiian monarchy under the
two-year reign of Queen Lydia Liliuokalani was overthrown, Albert
Koebele was appointed entomologist of the provisional government of
the Republic of Hawaii and was given the responsibility of biologically
controlling the many species of immigrant insect pests in Hawaii at that
time. Koebele was already well known for his part in the biological control
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of the cottonycushion scale, Icerya purchasi Maskell, in California and
Hawaii.
The Territorial Government (Hawaii became a U.S. Territory in
1898) was apparently encouraged by the successful control of various
species ofscale insects, aphids, mealybugs, armyworms and other immig
rant insect pests by predatory and parasitic species of insects introduced
by Koebele. The territorial legislature enacted a law (now Chapter 141,
Hawaii Revised Statutes) in 1903 which organized the Board ofCommis
sioners of Agriculture and Forestry and provided for buildings and
materials to obtain, propagate, study, and distribute beneficial species of
insects to control pest species of insects and weeds. The law also provided
for a quarantine system to prevent entry of new immigrant pests.
In 1904, the Experiment Station of the Hawaiian Sugar Planters'
Association (HSPA) established an Entomology Department to biologi
cally control sugarcane pests, especially the sugarcane delphacid, Perkin-
siella saccharicida Kirkaldy, which was threatening the survival of the
sugarcane industry at that time (Swezey 1936). During 1904 until about
1942, HSPA played an important role in the introduction and liberation
of many biological control organisms. Since then, HSPA's biological con
trol activities have been reduced due to successful control of most of the
important sugarcane pests by natural enemies.
Other institutions also have participated in the introduction and re
lease of natural enemies of immigrant pest species. Parasitic and preda
tory species of insects were imported and liberated during 1935-1936 by
the U.S. Bureau of Entomology and Plant Quarantine's Fruit Fly Labora
tory (now United States Department of Agriculture's Tropical Fruit and
Vegetable Research Laboratory), for biological control of fruit flies. Nat
ural enemies of pineapple insects were introduced and released during
1930-1938 and in 1946 by the Experiment Station of the Pineapple
Producers Cooperative Association (later changed to Pineapple Research
Institute of Hawaii but defunct since 1971)(Fullaway 1952; Swezey 1939).
A cooperative program to search for, import, study, propagate and re
lease natural enemies of the Mediterranean fruit fly, Ceratitis capitata
(Wiedemann), melon fly, Dactis cucurbitae Coquillet, and oriental fruit fly,
Dacus dorsalis Hendel, in Hawaii was conducted during 1947-1951. Par
ticipating agencies were the USDA Tropical Fruit and Vegetable Re
search Laboratory, Territorial Board of Commissioners of Agriculture
and Forestry [now Hawaii Department of Agriculture (HDOA)], Pineap
ple Research Institute of Hawaii, HSPA's Experiment Station, Hawaii
Agricultural Experiment Station of the University of Hawaii's College of
Tropical Agriculture ("and Human Resources" was later added), and the
California Agricultural Experiment Station, University of California
(Clausen et al. 1965). Natural enemies of the forest day mosquito, Aedes
albopictus (Skuse), were introduced and liberated by the Hawaii Depart
ment of Health during 1950-1954 (Steffan 1968).
When Hawaii became a state in 1959, a reorganization plan was
initiated by the Legislature which resulted in the transfer in 1961 of
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forestry and fish and game activities from HDOA to the Hawaii Depart
ment of Land and Natural Resources. Rules, policies and procedures
governing biological control activities remained under the province of
HDOA.
According to the records, more biological control projects against
immigrant species of insect pests have been conducted in Hawaii than
anywhere else in the world (DeBach 1964). This is understandable since
Hawaii, by virtue of its strategic location near the middle of the Pacific
Ocean, has been invaded by many species of immigrant insects and
related arthropods from the west (southeast Asia and other countries in
the western Pacific) and from the east (American continents).
Pemberton (1964) indicated that there were well over 2,000 species of
adventive(= immigrant) insects in Hawaii. Beardsley (1979) calculated
that during 1962 to 1976, 287 species of immigrant insects and other
terrestrial arthropods gained entry into Hawaii and became established.
Based on the trend of about 17 species of immigrant insects and related
arthropods becoming established each year from 1977 to 1985, it is
estimated that today over 2,500 immigrant species of arthropods have
become permanent additions to Hawaii's fauna. However, not all of them
are pests; many are inconsequential species while some are predators and
parasites (= parasitoids) of other insects and related arthropods. In the
past decade, 17% of the immigrant species of insects and other organisms
which entered Hawaii and became established were predators and para
sites (HDOA Ann. Rpt. FY 1986).
In spite of the annual influx of new immigrant species of insects and
other related arthropods, many more would have become established in
Hawaii without the activities of both State and Federal quarantine pro
grams.
DEFINITIONS AND METHODOLOGY
Some of the terms used in this paper need to be defined. Native species
refer to those which are indigenous or endemic to Hawaii. Immigrant
species are those which gained entry into Hawaii on their own accord,
most likely either as hitchhikers on aircraft or ships, or through commerce
on plants and animals and their products. Purposely introduced species are
those which were intentionally brought into Hawaii and liberated by
authorized agencies for biological control projects. The terms "alien",
"foreign", "exotic", or simply "introduced" are sometimes used in pub
lished literature in reference to non-native species of arthropods. These
words do not distinguish whether a species was purposely introduced or
an immigrant and, therefore, often cause confusion and misinterpreta
tion. For example, there are purposely introduced as well as immigrant
species of predatory and parasitic insects present in Hawaii. Since the
purposely introduced species of predatory and parasitic insects were
studied and deemed beneficial prior to being released, most of those
which became established have restricted their attack to pest species.
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However, many of the immigrant species of predatory and parasitic
insects are relatively indiscriminate predators and parasites, some are
hyperparasites.
Sometimes, especially in earlier biological control introduction pro
grams, predatory or parasitic species have been purposely introduced and
liberated to aid in the control of a complex of pest species, such as to
control "armyworms and cutworms", "seed beetles", "aphids",
"mealybugs", etc. If the purposely introduced species restricted its attack
to its target pest complex, it was considered to be specific in this paper. On
the other hand, if a predatory or parasitic species was purposely intro
duced and released to control a single target pest species, e.g., the green
scale, Coccus viridis (Green), and subsequently it was recorded also to
attack another species of scale, such as the black scale, Saissetia oleae
(Olivier), then it was considered to be non-specific. As more observations
are made and reported, some purposely introduced species which are
now considered to be specific may eventually be found to be non-specific.
The data presented are derived mostly from the Proceedings of the
Hawaiian Entomological Society and from volumes of the Insects of
Hawaii series. The scientific names of some of the purposely introduced
species, as well as some of their hosts and prey, have been changed due to
subsequent published synonymy and revisions in generic concepts. Only
the currently accepted scientific names are used in this paper.
PURPOSELY INTRODUCED BIOLOGICAL CONTROL
ORGANISMS
During the 96-year span from 1890 to 1985, a total of 679 species of
biological control organisms was released in Hawaii. Although most of
these species have been predatory and parasitic insects which attack
arthropod and mollusk pests, and phytophagous insects of terrestrial
weeds, some other organisms also have been involved. Freshwater fishes
were released to feed on mosquito larvae. The barn owl and cattle egret
were liberated to prey on rats and livestock pests, respectively. Predatory
snails were released primarily to prey on the giant African snail, and
predatory mites were disseminated to feed on mite pests. Scarabaeid
beetles were liberated to feed on cattle dung. Pathogens of weed and
insect pests, and insectivorous bats and amphibians were also released for
biological control purposes. Of the 679 released species, 243 (35.8%)
became established (Table 1). The ratio ofreleases to establishments is 2 8
to 1.
For clarity of presentation and ease of discussion, a tabulation of
established species of purposely introduced biological control organisms
and their hosts and prey is given in 9 separate tables.
Tables 2 and 3 pertain to predatory insects and mites; Tables 4,5 and 6
deal with parasitic species; Tables 7 and 8 list terrestrial weed-attacking
organisms; Table 9 enumerates dung feeding scarabaeid beetles; and
Table 10 covers mollusks and vertebrates. The tabulation is based only on
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"Not including four species ofTitapia which were imported and liberated in ponds and reservoirs during
the 1950's primarily to be used as live bait for tuna fishing. Upon establishment, they also have been
found to be useful for sport fishing, as food fishes, as forage for freshwater game fishes and for the
control of aquatic weeds in irrigation ditches, reservoirs and drainage canals (Kanayama 1967).
available recorded information. It is conceivable that there may be inad
vertent omissions.
Predatory Insects and Mites
Biological control began in Hawaii in 1890 with the introduction and
liberation of a predatory insect, the vedalia beetle, Rodolia cardinalis (Mul-
sant), to prey on the cottonycushion scale, Icerya purchasi Maskcll. Soon
after establishment of the vedalia beede, the cottonycushion scale was
brought under complete control and this status has persisted to the
present time (Pemberton 1964; Zimmerman 1948).
During 1890 to 1985, 250 species of predatory insects and six species
of predatory mites were purposely introduced and disseminated in Ha
waii. Ofthese, 60 species of predatory insects and two species of predatory
miles became established.
Of the 62 species of predatory insects and mites, 32 have been re
ported to prey only on their intended target pest species and 25 have been
recorded to prey on their intended target species and/or other immigrant
pest species which were present in Hawaii at the time of their liberation or
which became established subsequent to their liberation (Table 2). Of the
five remaining species, Cryptolaemus montrouzieri Mulsant preys on its
target pest species, 13 other immigrant pest species, one native species,
and one purposely introduced species; Montandoniola moraguesi Puton
preys on its target pest species and a purposely introduced species; Diomus
}pumilio Weise preys on its target pest species and a native species; Tytthus
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mundulus (Breddin) preys on its target pest species, two immigrant pest
species and a native species; and Hyperaspisftmbriolata Melsheimer preys
only on a native species (Table 3).
Parasitic Insects
Two hundred eighty-three species of parasitic insects were purposely
introduced and released in Hawaii for biological control, mostly of eco
nomically important pest species of insects. Of these, 115 (110
Hymenoptera and 5 Diptera) species became established.
Seventy-six ofthe 115 species are considered to be specific as they have
not been reported to attack any other species of insects or related ar
thropods other than their intended target species (Table 4). Twenty-two
species are not specific but they have been recorded to attack, beside their
target pest species, only other pest species (Table 5).
Seventeen species have been implicated as utilizing a total of 39 im
migrant, 13 purposely introduced, 27 native, and two uncategorized
species as hosts in addition to their target pest species (Table 6). It is
noteworthy that, of these 17 species, only six have been recorded to attack
native species of Lepidoptera.
Zimmerman (1978) stated, "Many of the introduced parasites attack
many species ofmoths, and they have not confined their attacks to the few
pest species which they were introduced to control." He cited the
ichneumonids, Pristomerus hawaiiensis Perkins and Trathala jlavo-orbitalis
(Cameron) as examples of non-specific parasites which attacked many
species of moths. However, the ichneumonids are immigrants, not pur
posely introduced species. Gagne and Howarth (1982) also implied that
biological control introductions have been one of the reasons, or the sole
reason, for the demise of 16 of 27 native species of Pyraloidea and
Macrolepidoptera. However, at least four of the 16 species presumed to
be extinct, Hedylepta meyricki (Swezey), H. continuatalis (Wallengren),
Scotorythra nesiotes (Perkins), and Manduca blackburni (Butler), have been
collected during the 1970's and 1980's. A perusal of Hawaiian literature
also revealed that one species of predator and seven species of parasites
which have been recorded to attack the 16 native moths were immigrants.
In addition, two predators of the moths were native species. Of the
parasites ofthe moths, only the tachinid, Lespesia archippivora (Riley), was a
purposely introduced species, but it has been recorded as a parasite of
only one of the 16 listed species of moths. The fact that nearly all of the
records of parasites which have been reared from the listed native
Lepidoptera are of species which are immigrants appears to contradict
the implication that biological control introductions have been a major
factor in the extinction of these native moth species.
Pathogens of Insects
Although several species of insect pathogens were imported, cultured
and studied in the laboratory, apparently only about seven species were
released in the field. Of these, only two species of fungi have been
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reported to be established. The scale fungus, Sphaerostilbe coccophila
Tulasne, purposely introduced from Florida in 1899, was found attacking
the purple scale, Lepidosaphes beckii (Newman), on citrus at Mountain
View, Hawaii (Kotinsky 1906; Tanada 1956). Another fungus, believed to
be the white halo fungus, Verticillium lecanii (Zimmerman), was reported
to be effective in controlling the green scale, Coccus viridis (Green), on
coffee at Kona, Hawaii during wet seasons (Beardsley 1952; Illingworth
1929). V. lecanii was also found attacking several other species ofcoccids in
Hawaii (Beardsley 1952; Tanada 1956, 1957). V. lecanii is believed to have
been purposely introduced from Florida in the early 1900's for biological
control of "scale insects" (Illingworth 1929).
Since both S. coccophylla and V. lecanii have confined their attack only to
species of scale insects, they are considered to be host-specific (Table 4).
Phytophagous Insects and Plant Pathogen
The importation and release ofphytophagous insects to control weeds
were initiated in Hawaii in 1902, against the lowland pasture pest, Lantana
camara L. During a span of over 50 years, 27 species of lantana-feeding
insects were released, 15 ofwhich were successfully established. The weed
is no longer considered a serious pasture pest largely due to the persistent
activities of these 15 phytophagous species (Pemberton 1964).
A total of 71 species ofphytophagous insects and one species of fungus
was purposely introduced and liberated in Hawaii during 1890 to 1985 to
aid in the control of 21 species of weeds. Of these, 43 species of
phytophagous insects and the species of fungus became established.
Thirty-two species (including the fungus) are considered host-specific in
that, since their release, they have attacked only their target weeds (Table
7). Six species of phytophagous insects have been reported to attack other
species of weeds in addition to their target weeds (except for Chrysolina
hyperici (Forster), which has not been reported to feed or breed on its
target weed, Hypericum perforatum L., but only on H. degeneri Fosb., a
closely related weed species). The remaining six species of phytophagous
insects have been recorded to feed or breed, in addition to their target
weeds, on a total of two native plant species, nine beneficial plant species
and three weed species. However, these 12 non-specific species (Table 8)
have not been reported to cause any significant damage to the non-target
plants.
Scarabaeid Dung Beetles
The introduction and liberation of scarabaeid beetles for suppression
of livestock fly pests, particularly the blood-sucking horn fly, Haematobia
irritans L., differs from all other attempts at biological control. The pri
mary target of these beetles is not the livestock pests but the breeding
medium of these pests. The beetles utilize fresh cattle excrement as food
and, together with their active movement within the droppings, they
remove and hasten decomposition of the dung. This in turn lessens the
amount of suitable fly breeding medium in open pastures.




Released Target Pest(s) Other Recorded Prey
(O
J. Ampulex compressa (F.)
Hymenoptera: Ampulicidac 1940 Periplatieta americana (L.)Onhoptera: Blattidae
Periplaneta austratasuie (F.)
Onhoptera: Blattidae
2. Azya orbigera Mulsant
Coleoptera: Coccinellidae




3. Calosoma blaptoides tehuacanum
(Lapouge)
Coleoptera: Carabidac




4. Chtlocorus circwndatus (Schonherr)




5. Chilocorus nigritus (F.)a
Coleoptera: Coccinellidae
1958 Asterolecanium bambttsae (Boisduval)
Homoptera: Asterolecaniidae
6. Coccinella 7-punctata brucki Mulsamb
Coleoptera: Coccinellidae
1958 Aphis gossypii Glover
Homoptera: Aphididae
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8. Cotlophora pupillata (Swartz)
Coleoptera: Coccinellidae











9. Curinus coeruleus Mulsant
Coleoptera: Coccinellidae 1922 Nipaecoccus nipae (Maskell)Homoptera: Pseudococcidae
AUurodkus dispersus Russell
Homoptera: Aleyrodidae








1938 Tarophagus proserpina (Kirkaldy)
Homoptera: Dclphacidac
11. Cyrtorhinus iividipennis Reuter
Hemiptera: Miridae 1939 Peregrinus maidis (Ashmead)Homoptera: Oelphacidac
12. Dactylosternum hydrophilous McLeay
Coleoptera: Hydrophilidae 1925 Rhabdoscelus obscurus (Boisduval)Coleoptera: Curculionidae
13. Delphastus pusillus (LeConie)




14. Diomus notescens (Blackburn)




15. Dolichurus stantoni (Ashmead)
Hymenoptera: Ampulicidae 1917 Ailatta similis (Saussure)Melanozosteria soror (Brunner)
Orthoptera: Blattidae
16. Fulvius brevicornis (Reuter)
Hemiptera: Miridae 1925 Rhabdoscelus obscurus (Boisduval)Coleoptera: Curculionidae
TABLE 2. Purposely Introduced Species of Predatory Insects & Mites Which Prey on Target Pest Species and/or Other Pest Species in
Hawaii. (Continued)
Predator
17. Harmonia conformis (Boisduval)
Coleoptera: Coccinellidae
18. Hippodamia convergent Guerin
Coleoptera: Coccinellidae
19. Hitter bimaculatus (L.)
Coleoptera: Histeridae
20. Hister coenosus Erichson
Coleoptera: Histeridae
21. Hister nornas Erichson
Coleoptera: Histeridae
22. Hyperaspis jocosa (Mulsant)
Coleoptera: Coccinellidae
23. Hyperaspis silwstrii Weise
Coleoptera: Coccinellidae
24. Larra luzonensis Rohwer
Hymcnoptera: Sphecidae














Target Pest(s) Other Recorded Prey





Haematobia irritans (L.) Mttsca domesUca L.







Nipaecoccus nipat (Maskell) Nipaecoccus vastator (Maskell)
Homoptera: Pseudococcidac Homoptera: Pseudococcidae




26. Lettcopis obscura Haliday
Diptera: Chamaemyiidae








27. Lindorus lophanthae (Blaisdcll)
Coleoptera: Coccincllidae










28. Motes subtesscdlatus (Smith)
Hymenopiera: Sphccidae 1922 Teteogrylhts oceanicus (Le Guillou)Orihoptera: Gr>llidac
29. Lobodiptosis pseudococci Felt





0. Nephaspis amnicola Wingo




31. Nephaspis bicolor Gordon
Coleoptera: Coccinellidac 1979 Aleurodicm dispersus RussellHomoptera: Aleyrodidae
32. S'rphus bilucemarius Mulsant
C:<)leopiera: Coccinellidae 1930 Dysmicwcm brrviprs (C<x:kcrell)Homoptera: Pseudotoccidae Nipaecoccm ivtstator (Maskell)Homoptera: Pseudococcidae
33. Nesomicromus navigatorum (Brauer)
Neuroptera: Hemerobiidae




























34. OUa abdominalis (Say)
Coleoptera: Coccinellidae
Homoptera: Psyllidae
35. Onus chalybeus (Boisduval)
Coleoptera: Coccinellidae



















I36. Onus insidiosus (Say)Hemiptera: Anthocoridac 1951 HeOothis tea Bodd iedLepidoptera: Noctuidae
37. Pachylister coffer Erichson
Coleoptera: Histeridae
1957 f/aematobia irritant L.
Diptera: Muscidac
38. Pachylister lutarius Erichson
Coleoptera: Histeridae




39. Phytoseiulus persimilis A. & H.e
Parasitiformes: Phytoseiidae 1975 Tetranychus dnnabarinus (Boisduval)Acariformes: Tetranychidae
40. Pseudoscymnus anomalus Chapin
Coleoptera: Coccinellidae 1970 Aspidiotus destructor SignnretHomoptera: Diaspididae
41. Rhizobius forestteri (Mutsant)
Coleoptera: Coccinellidae











42. Rodotia cardinalis Mulsant
Coleoptera: Coccinellidae




















45. Scymnus uncmatus Sicard
Coleoptera: Coccinellidae



















Galba viridit (Quoy & Gaimard)
Basommatophora: Lymnaeidae
Galba viridis (Quoy & Gaimard)
Basommatophora: Lymnaeidae
Other Recorded Prey

















49. Sphaeridium scarabaeoides L.
Coleoptera: Hydrophilidae
1909 Haematobia irritant (L.)
Diptera: Muscidae
50. Stethorus siphonutus Kapur
Coleoptera: Coccinellidac




51. Stkkoiotis rujiceps Weise
Coleoptera: Coccinellidae














0153. Tekimia nitida Chapin*
Colcoptera: Coccinellidae






54. Thyrtocephalus alberiisi Fauvel
Coleoptera: Staphylinidae





1954 Aedes atbopictus (Skusc)
Diptera: Culicidae
56. Toxorhynchites brevipalpis Theobald
Diptera: Culicidae
1950 Aedes albopictus (Skuse)
Diptera: Culicidae
57. Typhlodromus occidentals Nesbitte
Parasitiformes: Phyioseiidae
1975 Tetranychus cinnabarinus (Boisduval)
Acariformes: Tetranvchidac
"Purposely introduced l« control Aspidiotus spp. but recorded nnly from AUeroltmnium bambusae,
■"Recorded to have preyed on other unidentified apliids.
*Fim released in 1894 against aphids' but establishmeni was unsuccessful. Kstablishment was made after
rcuttrcKluciion in 1973 against P. unratoides.
dEgKs only.
'Mite.
'Purposely introduced to control diaspine scales" but recorded only from whiteflies.
■Purpttsely introduced in 1895 as Pcntitia nigra VVeise but voucher specimens compare with thf«e of
TfUimui nitida which was subsequently rcinlroduced from Guam in HI36.
TABLE 3. Purposely Introduced Species of Predatory Insects Which Prey on Target Pest Species and/or Immigrant, Native, or Other jo




Released Target Pest(s) Other Recorded Prey
1. Cryptolaemus montroutieri Mulsant
Coleoptera: Coccinellidae
1894 Pulvinaria psidii Maskell
Homoptera: Coccidae
I -Aleurodkus disperses Russell
Homoptera: Aleyrodidae
I - Coccus viridis (Green)
Homoptera: Coccidae
P - Dactylopius opuntiae (Cockercll)
Homoptera: Dactylopiidae
-Dysmkoccus boninsis (Kuwana)
- Dysmkoccus brevipes (Cockerell)
-Eriococcus araucariae (Maskell)
- Ferrisia virgata (Cockerell)
- Nipaecoccus nipae (Maskell)
- Nipaecoccus vastator (Maskell)
- Pseudococcus longispinus
(Targioni-Tozzetti)










































































































































































































































































































































































































TABLE 4. Purposely Introduced Species of Parasitic Insects & Fungi Which Attack Only Target Pest Species in Hawaii.
Parasite
1. Acrratoneuromyia indieum (Silvestri)
Hymenoptera Eulophidae
2. Aenasius. advena Compere
Hymenoptera: Encyrtidae
3. Agathis ?cincta Cresson
Hymenoptera: Braconidae
4. Anagrus yawi Fullaway
Hymenoptera: Mymaridae
5. Anagyrus ananatis Gahan
Hymenoptera: Encyrtidae




8, Anagyrus saccharicola Timberlake
Hymenoptera: Encyrtidae
9. Apanteles scuUllaris Muesebeck
Hymenoptera: Braconidae











































11. Aphidius smithi Sharma & Rao
Hymenoptera: Braconidae 1960 Acyrthosiphon pisum (Harris)Homoptera: Aphididae
12. Archytas cirphis (Curran)









15. Biosteres kraussi (Ftillaway)
Hymenoptera: Braconidae
16. Brachymeria agonoxenae Fullaway
Hymenoptera: Chalcididae
17. Bracon chinensis Szepligcti
Hymcnoptera: Braconidae
18. Cales noacki Dc Santis
Hymenoptera: Aphelinidac





























20. Chflonus insularis (Cresson)
Hymenoptera: Braconidae










22. Coccidaxenus mexkanus Girault
Hymenoptera: Encyrtidae


















24. Copidosoma truncatellum (Dalman)
Hymenoptera: Encyrtidae
25. Cotesia erionotae (Wilkinson)
Hymenoptera: Braconidae













27. Cotesia plutellae (Kurdjumov)
Hymenoptera: Braconidae
28. Cotesia ruftcrus (Haliday)
Hymenoptera: Braconidae
29. Diadegma insularis (Cresson)
Hymenoptera: Ichneumonidae
30. Diglypkus intermedius (Girault)
Hymenoptera; Eulophidae
31. Diglyphus n. sp.
Hymenoptera: Eulophidae
32. Doryctes syagrii (Fullaway)
Hymenoptera: Braconidae




35. Encarsia lhaitiensis Dozier
Hymenoptera: Aphelinidae





































38. Euplectrus plathypenae Howard
Hymenoptera: Eulophidae
I





TABLE 4. Purposely Introduced Species of Parasitic Insects & Fungi Which Attack Only Target Pest Species in Hawaii. (Continued)
Parasite
39. Galesus silvestrii Kieffer
Hymenoptera: Diapriidae
40. Gambrus uUimus (Cresson)
Hymenoptera: Ichneumonidae
41. Ganaspidium utilis Beardsley
Hymenoptera: Eucoilidae


















43. GlyptocoUutes bnuhivorus Crawford
Hymenoptera: Braconidae

















44. Hambeltonia pseudococeina Compere
Hymenoptera: Encyrtidae
1935 Dysmicoccus brevipes (Cockerel!)
Homoptera: Pseudococcidae
45. Heterospilus prosopidis Viereck
Hymenoptera: Braconidae








1921 Mimosestes sallaei (Sharp)
Coleoptera: Bruchidae
47. Lariophagus texanus Crawford




48. LepUmastidea abnormis (Girault)
Hymenoptera: Encyrtidae 1915 Planococcus citri (Risso)Homoptera: Pseudococcidac
49. Uxophaga sphenophori (Villeneuve)
Dipiera: Tachinidae 1910 Rhabdoscelus obscurus (Boisduval)Coleoptera: Curculionidae
50. Lysipklebius testaceipes (Cresson)
Hymenoptera: Braconidae
1923 Aphis craccivora Korh
Aphis gossypii Glover
Aphis middletoni (Thomas)




51, Metaphycus stanleyi Compere




52. Ooencyrtus erionotae Ferriere
Hymenoptera: Encyrtidae




55. OoUtrastichus megameli Fullaway
Hymenoptera: Eulophidae
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1. Anysis atcocki (Ashmead)
Hymcnoptera: Pieromalidav







2. Biosteres arisanus (Sonan)
Hymenoptera: Braconidae




3. Biosterts vandenboschi (Fu Ilaway)
Hymenoptera; Braconidae




4. Campsomrris marginetla modesta
(Smith)
Hymenoptera: Scoliidae




5. Dirhinus giffardii Silvestri
Hymenoptera: Chalcididae





6. Eriborus sinicus (Holmgren)
Hymenoptera: Ichneumonidae





N - Hedylepta blackburni (Butler)
Omphisa anastomosalis Guenee
Lepidoptera: Pyralidae
7. Eucoila impatiens (Say)
Hymenoptera: EucoiHdae









Released Target Pest(s) Other Recorded Host<s)
8. Euryrhopalus propinquus Kerrich
Hymenoptera: Encyrtidae





9. Haplogtmatopits vitiensis Perkins
Hymenoptera: Dryinidae















11. Muscidifurax raptor Girault 8c
Sanders
Hymenoptera: Pteromalidae










12. Ootetrastickus beatus Perkins
Hymenoptera: Eulophidae







13. Optus incisi Silvestri
Hymenoptera; Braconidae
14. Paranagrus optabilis Perkins





15. Pristomenu spinator (F.)
















17. Scutellista cyanea Mouchulsky
Hymenoptera: Pteromalidae

























19. Spalangia nigra Latreille
Hymenoptera: Pteromalidae




















21. Tipkia segregate Crawford
Hymenoptera: Tiphiidae




22. Trichogramma chilanis Ishii
Hymenoptera: Trichogrammatidae

























■Recorded hosts for this specin questionable-. Marietta spp. are now known to be mostly hyperparasitk.
N - Native pest species.
TABLE 6. Purposely Imroduced Species of Parasitic Insects Which Attack Target Pest Species and Immigrant, Native, or Other Purposely




Released Target Pest(s) Other Recorded Host(s)
]. Anagrusfrequens Perkins
Hymenoptera: Mymaridae
1905 Perkinsiella saccharicida Kirkaldy
Homoptera: Delphacidae
N - Kelisia sporobolicoia immaculata
Muir
I -Liburnia paludum (Kirkaldy)
N -Nesosydne leahi (Kirkaldy)
I - Peregrinus maidis (Ashmead)
Homoptera: Delphacidae
2. Biosteres longicaudatus Ashmead
Hymenoptera: Braconidae
1947 Ceratitis capitata (Wiedemann)
Dactts dorsalis Hendel
Diptera: Tephritidae
I - Dacus cucurbitae Coquillett
P - Procecidochares utilis Stone
Diptera: Tephritidae
3. Biosteres tryoni (Cameron)
Hymenoptera: Braconidae
1913 Ceratitis capitata (Wiedemann)
Diptera: Tephritidae
I - Dacus dorsalis Hendel
P -Eutreta xanthockaeta Aldrich
P - Procecidockares atani Steyskal
P - Procecidockares utilis Stone
Diptera: Tephritidae
4. Braekymeria obscurata (Walker)
Hymenoptera: Chalcididae
1895 N - Hedylepta accepta (Butler)
N • Hedylepta blackburni (Butler)
Lepidoptera: Pyralidae
I - Amorbia emigratella Busck
Lepidoptera; Tortricidae
I -/irtogeia rapae (L.)
Lepidoptera: Pieridae
P -Blepharomastix ebulealis (Guenee)
Lepidoptera: Pyralidae
P - Catabena esula Druce
Lepidoptera: Noctuidac
TABLE 6. Purposely Introduced Species of Parasitic Insects Which Attack Target Pest Species and Immigrant, Native, or Other Purposely




Released Target Pest(s) Other Recorded Host(s)
I - Chaetogaedia monticola (Bigot)"
Diptera: Tachinidae
I ~ Chrysodeixis chalcites (Esper)
Lepidoptera: Noctuidae
? -Croddosema blackburnii (Butler)
? -Cryptophlebia illepida (Butler)
Lepidoptera: Tortricidae
I -Danaus plexippus (L.)
Lepidoptera: Danaidae




N -Hedylepta monogona (Meyrick)
I - Herpetogramma tiearsisalis
(Walker)
N -Oeobia despecta (Butler)
N -Oeobia lilorea (Butler)
N -Oeobia nigrescens (Butler)
N -Oeobia stellata (Butler)
Lepidoptera: Pyralidae









5. Bracon ondodivontm Terry
Hymenoptera: Braconidae
I - Pfctinophora gossypieUa (Saundcrs)
Lepidoptera: Gelechiidac
I - Polydesma umbricola Boisduval
I - Simptkia lautokiensis Prout
Lepidoptera: Noctuidae






N - Vanessa tameamea Eschscholtz
Lepidoptera: Nymphalidae
1895 N - Hedylepta accepta (Butler)
N - Hedylepta blackburni(Hui\er)
Lepidoptera: Pyralidae
6. Cotrsia marginiirntris (Cresson)
Hymenoptera: Braconidae
I -Amorbia cmigratella Busck
1 • Epiphyas postvittana (Walker)
P - Episimus utUis Zimmerman
Lepidoptera: Tortricidae
N - Hedylepta bcalis (Butler)
I - Spoladea recurvalis (F.)
Lcpidoptera: Pyralidae




I -Ethmia nigroapiceUa (Saalmutler)
Lepidoptera; Oecophoridae
N - Scotorythra caryopis Meyrick
N - Scotorythra paludicola (Butler)
N - Scotorythra trapezias Meyrick
Lepidoptera: Geometridae





TABLE 6. Purposely Introduced Species of Parasitic Insects Whicli AtUtck Target Pest Species and Immigrant, Native, or Other Purposely




Released Target Pest(s) Other Recorded Host(s)
7. Eupelmus cuskmani (Crawford)
Hymcnoptera: Eupclmidae
1934 Anthonomus eugenii Cano
Coleoptera: Curculionidae
I • Agonoxena argaula Meyrick
Lepidoptcra: Agonoxenidae
P • Apian antiquum Ciyllenhal
Coleoptera: Curculionidae
I - Araecerus fasciculatus (DeGeer)
I - Araecerus tevipennis Jordan
Coleoptera: Anthribidae
P - Mkroiarinus tareynii Duval
P - Mkroiarinus lypriformis (Wollaston)
Coleoptera: Curculionidae
1 • Mimosrstfs satlaei (Sharp)
Coleoptera: Bruchidae
P - Protecidiichares utilis Stone
Diptera: Tephritidae
1 - Tenodera angustipennis Saussureb
Orthoptera: Mantidae
8. Lespesia archippivora (Riley)
Diptera: Tachinidae




N - Agratis crinigera (Butler)
N -Agrotis dishcata (Walker)
I -Agratis ipsilon (Hufnagel)
N - Anomis hawaiiensis (Butler)
N -Anomis noctivolans (Butler)
Lepidoptera: Noctuidae



























































































































































































































































































TABLE 6. Purposely Introduced Species of Parasitic Insects Which Attack Target Pest Species and Immigrant, Native, or Other Purposely




Released Target Pest(s) Other Recorded Host(s)
9. Meteorus lapkygmae Viereck
Hymenoptera: Braconidac






I -Agraulis vaniUae L.
Lepidoptera: Heliconiidae
I - Amyna natalis (Walker)
Lepidoptera: Noctuidae
P - Blepkaromastix ebulealis Guenee
Lepidoptera: Pyralidae
I - Elaphria nucicohra (Guenee)
Lepidoptera: Noctuidae
N - Hedyltpta accepta (Butler)
Lepidoptera: Pyralidae
I - Heliothis zea (Boddie)
Lepidoptera: Noctuidae
I - Herpetogramma licarsisalis
(Walker)
Lepidoptera: Pyralidae
I - Melipotis indomita (Walker)
Lepidoptera: Noctuidae
N - Oeobia sttUata (Butler)
Lepidoptera: Pyralidae
N - Scotorythra paludicola (Butler)

















1914 Ceratitis capitate (Wiedemann)
Dacus cucurbitae Coquillett
Diptera: Tephriiidae
I - Dacus dorsalis Hendel
Diptera: Tephritidae
I - Drosophila melanogastrr Meigen
I -Drosophila spp.
I - Gitmidfs perspicax (Knab)c
Diptera: Drosophilidae
P - Uxopfiaga sphtnophori
(Villeneuve)
Diptera: Tachinidae
11. Paranagrus perforator Perkins
Hymenoptera: Mymaridac
1904 Perkinsiella saccharicida Kirkaldy
Homoptera: Dclphacidac
N - Aloha ipomoeae Kirkaldy
Homoptera: Delphacidae
12. Perisierota tmigrata (Rohwer)
Hymenoptera: Bethylidae
1953 Maruca testulalis (Geyer)
Lepidoptera: Pyralidae
1 -Anatrachyntis rileyi (Walsingham)
Lepidoptera: Gelechitdae
I - Cryptoblabfs gnidulla (Milliere)
Lepidoptera: Pyralidae
? - CryptopkUbia Ulepida (Buder)
Lepidoptera: Tonricidae
I - Ectomyelois ceratoniae (Zeller)
Lepidoptera: Pyralidae
P -Epinotia tantana Biisck
Lepidoptera: Tortricidae
I • Pectinophora gossypiella (Saunders)
Lepidoptera: Gelechiidae
TABLE 6. Purposely Introduced Species of Parasitic Insects Which Attack Target Pest Species and Immigrant, Native, or Other Purposely




Released Target Pest(s) Other Recorded Host(s)
13. PhoUtesor bedelliae (Viereck)
Hymenoptera: Braconidae
1945 Bedelia orchilella Walsingham
Lepidoptera: Lyonetiidae




















N - PhUodoria hauicola Swezey
Lepidoptera: Gracillariidae




N -Coleotichus blackburniac While
Hemiptera: Scutelleridae
17. Trissolcus basalts (Wollaston)
Hymenoptera: Scetionidae
1962 Nezara viridula (L.)
Hemiptera: Pentatomidae
N - Coleotichus blackburniae White
Hemiptera: Scutelleridae
I - Plautia stali Scott
Hemiptera: Pentatomidae
"Parasite of many Lepidoptera.
"Eggs only.
'Predator of Pseudococcidae.
d£ggs of T. pilipts were found on other species of insects, such as Hyalopeplus peUuadus Kirkaldy (Miridae),Jo<£rra harmatoloma (Herrkh-Schaefftr) (Rhopa)idac).
Trnodrra australasiat (Leach) (Mamidae), Thyanta accerra MeAlee and Plautia stali Scott (Pentatomidae) on few occasions. No progeny developed from these eggs.
however.
I - Immigrant species.
N • Native species.
P - Purposely introduced species.







TABLE 7. Purposely Introduced Species of Phytophagous Insects (& a Fungus) Which Attack Only Target Weeds in Hauaii.
Species
1. Acinia pkturata (Snow)
Diptera: Tephriu'dae
2. Apian antiquum (Gyllenhal)
Coleoptera: Curculionidac








7. Bruchus atronotatus Pic
Coleoptera: Bruchidae
8. Cactobtastes cactorum (Berg)
Lepidoptera: Pyralidae
9. Catabena (=NeogaUa) esula Druce
Lepidoptera: Noctuidae
















Pluchea odorata (L.) Cass.
Compositae
Emex auslratis Steinheil





















TABLE 7. Purposely Introduced Species of Phytophagous Insects (8c a Fungus) Which Attack Only Target Weeds in Hawaii. (Continued)
Species
11. Chrysoiina quadrigemina Suffrain
Coleoptera: Chrysomelidae
12. Cremastobombycia lantanelh Busck
Lepidoptera: Gracillaridae
13. Dactylopius opuntiae (Cockerell)
Homoptera: Dactylopiidae
14. Efrisimus utUis Zimmerman
Lepidoptera: Olethreutidae
15. Eutreta xanthochaeta Aldrich
Diptera: Tephritidae
16. Hypena strigata F.
Lepidoptera: Noauidae
17. Lantanophaga pusillidattyla {Walker)
Lepidoptera: Pterophoridae
18. iiothrips urichi Karny
Thysanoptera: Thripidae
19. Octotoma scabripennis Guerin
Coleoptera: Chrysomelidae


































Ageratina riparia (Regel) K. & R.
Compositae
21. Ophiomyia lantanae (Froggau)
Diptera: Agromyzidae
22. Plagiohammus spinipennis Thomson
Coleoptera: Cerambyddae
23. Priophorus mono Lepeletier
Hymenoptera: Tenthredinidae
24. Procecidochares alatri Steyskal
Diptcru: Tephritidae
25. Procecidochares utitis Stone
Diptera: Tephritidae
26. Schreckenstemia festalieita Hubner
Lepidoptera: Schreckenstciniidae
27. Setca brunella Hampson
Lepidoptera: Nolidae
28. Syngamia hafmorrhoidalis Guenee
Lepidoptera: Pyralidae
29. Tetraeuaresta obscuriventris Lciew
Diptera: Tephritidae
30. Triehotaphe aenigmatica Clarke
Lepidoptera: Gelcchiidae
31. Uroplata girardi Pic
Coleoptera: Chrysomelidae












































Released Target Weed(s) Other Recorded Plant(s)0
I. Athesapeuta cyperi Marshall
Colcopiera: Curculionidae
1922 Cyperus rotundus L.
Cyperaceae
W - Cyperus esculentus L.
W -Cyperus polystachyos Rotlb.
W • Cyperus lenuifolius Michx.
Cyperaceae
2. Bactra venosana (Zelter)
Lepidoptera: Tortricidae
1922 Cyperus rotundus L.
Cyperaceae
W -Cyperus brevifolius (Rottb.)
Hassk.
W - Cyperus esculentus L.
W -Cyperus monocephalus (Rottb.)
W - Cyperus tenuifolius Michx.
Cyperaceae
3. Chrysolina hyperki (Forster)b
Coleoptera: Chrysomelidae






4. Croesia ummermani Clarke
Leipdoptera: Tortricidae
1963 Rubus argutus Link
Rosaceae
N - Rubus hawaiiensis Gray
Rosaceae
5. Epinotia lantana Busck
Lepidoptera: Tortriddae
1902 Lantana camara L.
Verbenaceae
B -Utchi chinensis Sonn.
Sapindaceae
B - Stenoiobium starts (L.) Seem.
Bignoniaccae
B - Tabfbuia chrysantha (Jacq.) Nichols
Bignoniaceae
6. Leptobyrsa decora Drake
Hemiptera: Tingidae
1969 Lantana camara L.
Verbenaceae





1U62 N - 7YrWus ru/otir* L.
Tribulus terrestris L.
Zygophyllaccae
\V -Amaranthus spmosus L.
Amaranthaccac
W - Chenopodium album L.
Chenopodiaccac




1963 N - Tribulus cistoides L.
Tribulus terrestris L.
Zygophyllaceac
VV -Amaranthus spmosus L.
Amaranthaceae
VV - Chenopodium album L.
Chcnopodiaccae






W - Myrica cerifera L.
Myricaccac
10. Strymon bazochii gundiachianus
(Bates)
Lepidoptera: Lycaentdae
1902 Lantana eamara L.
Verbenaceae
W - Hyptts ptctinata L.
B - Ocimum basilkum L.
Labiatae
II. Strymon (=Thmolus)echion L.
Lepidoptera: Lycaenidae
1902 Lantana eamara L.
Verbenaceae
B - Capsicum annuum L.
Solanaceac
B -Cordia sebestena L.
Boraginaceae
B -Datura Candida (Pers.)
W -Solanum nigrttm L.
B -Solanum tuberosum L.
Solanaceae












12. Teleonemia scrvpuloM Stal
Heteroptera: Tingidae
1902 Lantana cantata L.
Verbenaceae
N -Myoporum sandwicense (DC) Gray
Myoporaceae
W - Xanthiutn sp.
Composiiae
"Status of some plants as true hosts undetermined. Ability of most tnseas to complete development on these recorded plants not verified.
Turposely introduce*; to controt Hyptrieum prrforatum L. but recorded only from H. degentri.
B ■ Beneficial species.
N • Native species.
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TABLE 9. Purposely Introduced Species of Scarabaeid Dung Beetles in Hawaii.
Species
I. Canthon humectus (Say)
2. Copris incertus prociduus Say
3. Euonitierltus africanus Harold
4. Onilicellus (=lAatongus) milUaris Laporte
5. Onitis altxis Klug
6. Onitis vanderkeliem Landsberge
7. Onthophagus binodis Thunberg
8. Onthophagus gazetla (F.)
9. Onthophagus incensus Say














Since both larvae and adult beetles feed only on what they were
purposely introduced to destroy, they are considered to be specific.
A total of 29 species of scarabaeid beetles was purposely introduced
and released in Hawaii. Of these, 10 became established (Table 9). These
beetles, together with some immigrant species of dung beetles, have
contributed to reducing populations of the horn fly and other species of
dung-breeding Diptera in open pasturelands. In a 1966 experiment in
open pasture on the island of Hawaii, 96% fewer flies emerged from cattle
droppings with beetles present than from beetle-excluded cattle drop
pings. (Bornemissza 1976.)
Snails, Birds, Fishes and Amphibians
Among the established species of biological control introductions, this
group of mollusks and vertebrates has probably generated the most
controversy in recent years (Table 10).
Seventeen species of predatory snails were liberated in Hawaii for
pestiferous snail control, including 14 species for Achatinafulica Bowdich;
two for Bradybaena similis (Ferussac) and one for Subulina octona
Bruguiere. Only three species were successfully established; two species
of Gonaxis which are soil inhabiting predators otA.fulica eggs, and a free
living snail, Euglandina rosea (Ferussac), released to prey on A.fulica but
which has been implicated as one of several causes of the decline and
extinction of native tree snails, especially in the genus Achatinella (Hart
1978). Other possible causes for the decimation and extinction of
Achatinella have been discussed or mentioned in several publications
(Cooke 1941; Hart 1975, 1978, 1979; Howarth 1985; Kondo 1972; Mead
1961, 1963a,b; Welch 1938).
TABLE lO. Purposely Introduced Species of Predatory Snails, Birds, Fishes and Amphibians Which Prey on Target Pest Species and/or




Released Target Pest(s) Other Recorded Prey
SNAILS




N • Achatinella mustelma Mighels
Stylommatophora: Achatinellidae
2. Gonaxis kibweziensis (Smith)
Stylommatophora: Streptaxidae
1952 Achatina fulica Bowdich
Stylommatophora: Achatinidae
3. Gonaxis quadrilateralis Preston
Stylommatophora: Streptaxidae












I. Bubutcus ibis L.
Ciconiiformes: Ardeidae







B - Macrvbrachium rosenbergi Deman
Decapoda: Palamonidae
* - Afus musculus L.
Rodentia: Muridac
* - Peripianeta americana L.
Orthoptera: Blattidae
* - Procambarus clarkii (Girard)
Decapoda: Cambaridae
* - Rattus sp.
Rodentia: Muridac





N - Anous stolidus pileatus (Scopoli)
Charadriiformes: Laridae
N - Buiwrria bulwerii (Jardin & Selby)
N - Pttffinus pacificus Salvin
N - Puffmus puffmus newelli Hcnshaw
Procellariiformes: Procollariidae
N - Sterna fuscaUt oahuensis Bloxam












N • Megalagrion pacificum
Odonata: Cocnagriidac







1. Bufo marinxis (L.)
Anura: Bufonidae
1932 Anomala oriental^ (Watcrhouse)
Qjleoptera: Scarabaeidac
* - Adoretus sinicus Burmcistcr
Coleopiera: Scarabaeidac
* -Agrius cmgulatus (F.)
Lepidoptcra: Sphingidac
B -Apis meUifera L.
Hymenoptera: Apidac
* - Coptotermesformosanus Shiraki
Isoptera: Rhinotermitidac
* - Geotomus pygmaeus (Dallas)
Hcmiptera: Cydnidae
* - Herpetogramma Ikarsisalis (Walker)
Lcpidoptera: Pyralidae
TABLE 10. Purposely Introduced Species of Predatory Snails, Birds, Fishes and Amphibians Which Prey on Target Pest Species and/or




Released Target Pest(s) Other Recorded Prey
*-Melipotis indomxia (Walker)
Lepidoptera: Noctuidae
* -ParUomorus cervinus {Boheman)
Coleoptera: Curculionidae
♦ -PheidoU mtgacephala (F.)
Hymenoptera: Formicidae
• - Pycnoscelus surinamensis (L.)
Orthoptcra: Blaberidae
* - Scolopendra subspinipes Leach
Scolopendromorpha;
Scolopendridae
* - Sphenophorus venatus vestitus
Chittenden
Coleoptera: Curculionidae
♦ -Spodoptera mauritia (Boisduval)
Lepidoptera: Noctuidae









to2. DendrobaUs auratus Girard
Anura: Dendrobatidae
1932 Noxious insects
3. Rana rugosa Schlegel
Anura: Ranidae
ca. 1895 Noxious insects
- Pest species. B - Beneficial species. N - Native species. I
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Of the three species of birds purposely introduced and liberated for
biological control, the barn owl, Tyto alba (Scopoli), and the cattle egret,
Bubulcus ibis L., became established on all major islands. Although rats and
mice are the primary food of the barn owl, it also has been reported to
prey on six species of native birds. (Berger 1981; Byrd and Telfer 1980.)
The statewide population ofthe cattle egret has been gradually increasing
since the original release of 177 birds during 1959- 1961 on Kauai.Oahu,
Maui, Molokaiand Hawaii. The cattle egret has commonly been observed
to feed on flies associated with cattle in pastures, rangelands and feeding
pens; on crayfish in watercress farms; on mice in alfalfa fields; on prawns
in aquaculture farms; on various insects in recently mown parks and golf
courses and in garbage dumps; and on small rats and mice as well as
insects in recently harvested cane and pineapple fields (Berger 1981;
Byrd et al. 1980; R. A. Heu, pers. comm.; Walker 1983). In 1981, the
statewide population of the cattle egret was estimated to be 30,000. Be
cause of the large number of egrets roosting and congregating near the
airports, concerns have been expressed that they pose a hazard to avia
tion. Several near collisions have been reported (Anon. 1982).
Three species of freshwater Fishes were purposely introduced and
subsequently released for mosquito control. Two of these mosquito lar-
viyorous species, Gambusia afjinis (Baird & Girard), and Mollienesia
latipinna Le Sueur, became well established in streams, ponds, and es
tuaries in Hawaii (Brock I960, Kanayama 1967). Together with some
aquaria species, such as the guppy, Poecilia reticulata (Peters), which were
apparently dumped in streams and ponds by home aquarists who tired of
their hobb-, they play a vital role in contributing to the State's mosquito
control program (Kanayama 1967; G. M. Toyama, pers. comm.). G.
affinh, however, has been accused ofdisrupting native aquatic ecosystems
and destroying native species of insects such as the damselfly, Megalagrion
pact/icum (McLachlan) (Howarth 1985).
The number of species of toads introduced to control insect pests of
agricultural crops is unclear but at least three species were involved, one
of which is established today (McKeon 1978; S. W. Tinker, pers. comm.).
The giant neotropical toad, Bufo marinus L., is common in lowlands of
Hawaii, Kauai, Maui, Molokai and Oahu and is often seen, especially on
warm, rainy nights, preying on various species of insects and other ar
thropods. Pemberton (1934) gave a detailed account of what it is capable
of eating when fed in cages. Some of the objections against this species
include: (1) duing the termite swarming months (April-July) or when
toads are active v. lainy nights, large numbers are found on roads and
constitute a hazai d to automobile drivers; (2) small dogs have died follow
ing attacks on this toad due to the toxic secretion from its paratoid glands;
and (3) the noise at night ofa large group ofmales during breeding season
can be a nuisance in residential areas. (Oliver 1949; Oliver and Shaw
1953.)
Apparently four species of frogs were purposely introduced into
Hawaii to control insects, two of which are established today (McKeown
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1978; S. W. Tinker, pers. comm.). The wrinkled frog, Rana rugosa
Schlegel, is found in mountain streams on Hawaii, Kauai, Maui and Oahu.
The green and black poison-arrow frog, Dendrobates auratits Girard, is
found only in wet valleys of the Koolau range on Oahu. For protection
against predators, this species secretes a poisonous substance from its skin
glands. However, the toxin is harmless to people unless ingested or
rubbed in the eyes or open wounds. (McKeown 1978; Oliver and Shaw
1953.)
SPECIFICITY OF PURPOSELY INTRODUCED SPECIES
Table 11 summarizes the total number of specific and non-specific
species of the established biological control organisms listed in Tables 2 to
10.
Of the 243 established species of purposely introduced biological
control organisms in Hawaii, 157 (64.6%) are host-specific in that they
have not been reported to affect any organisms other than those for which
they were released to control.
The non-specific species are separated into two categories: (1) those
which have been recorded to attack only pest species and (2) those which
attack pest, native and/or beneficial species.
Fifty-three species (21.8%) of biological control organisms fall into the
first category and, in spile of the fact that they are not specific, they are
considered to be useful biological control agents.
TABLE 11. Compilation ofTables 2 to 10. Number of Specific and Non-Specific Species
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The remaining 33 species (13.6%) of established biological control
introductions fall into the second category. These 33 species have been
recorded to prey on or attack a total of 69 pest species, 40 native species
and 27 beneficial species in addition to their intended target species.* Of
the 33 species, 20 (8.2% ofthe 243 established species) have been reported
to utilize native organisms as hosts or prey. These 20 species include (a)
four species of predatory insects which prey on a total of three species of
native insects, (b) 11 species of parasitic insects which use a total of 27
native species of insects as hosts, (c) two species of phytophagous insects
which feed and breed on two separate species of native plants, (d) one
species of predatory land mollusk which has been implicated as one of the
causes for the demise of a species of native land mollusk, (e) the barn owl
which has been found to prey on six species of native birds, and (0 a
species offish which has been accused ofcausing the extinction of a native
species of damselfly.
Seventeen of the 33 species (7.0% of the 243 established biological
control introductions) have been recorded to attack 27 species of benefi
cial organisms, including plants. These 17 species are (a) two species of
predatory insects which prey on two separate species of purposely intro
duced biological control insects, (b) nine species of parasitic insects which
utilize a total of 13 species of purposely introduced insects (11 ofwhich are
phytophagous species introduced for weed control) as hosts, (c) four
species ofweed control insects which were found feeding on a total of nine
species of beneficial plants, (d) the cattle egret which has been recorded to
prey on the Malaysian prawn and a species of skink, and (e) the giant
neotropical toad which has been reported to feed on the honey bee. Many
of the published accounts of the non-target hosts and prey of these 33
species were based on a single or a few observations.
CONCLUSION
During the 96-year span from 1890 to 1985, 210 (86.4%) of the 243
established species of purposely introduced biological control organisms
have contributed in controlling about 200 pestiferous species of plants
and animals without having caused any recorded adverse effects on
desirable species. This record is remarkable considering that quarantine
studies and procedures for the release of biological control organisms
during the earlier introduction programs were not as intensive and re
strictive as they are today. Of the 243 established species, 157 (64.6%)
have restricted their attack to only those target species for which they were
intended to control, while another 53 (21.8%) attack both target and
non-target pest species. Although specificity of the purposely introduced
•Except HyperaspisJhnbriolata Melsheimer which was purposely introduced to control pes
tiferous "mealybugs" but which has been recorded to prey only on a native mealybug
species.
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biological control organisms is only one of several measurements of a
successful biological control program, the trend towards increased specif
icity reflects the intent of a Board of Agriculture policy adopted in 1944
which formed a review system to determine which biological control
organisms would be released in Hawaii. Of the established species re
leased prior to 1944, 54.7% are considered to be specific, while 77.4% of
those approved for release since 1944 are known to attack only their
intended target pest species. Specificity of the released organisms has also
improved over the years; 88% (37 of42 species) and 96% (29 of30 species)
of the established organisms released during the past 20, and 15 years,
respectively, have been recorded to attack only the target pest species.
Thirty-three (13.6%) of the 243 established species of purposely in
troduced organisms have been reported to attack pest, native and/or
beneficial species. Of these, 20 (8.2%) have been reported from native
species, while 17 (7.0%) have been reported from beneficial organisms.
Some biological control introductions have been implicated as causing the
extinction of some of our native biota, especially native moths. However,
only six species of purposely introduced parasitic insects have been rec
orded to attack native species of Lepidoptera. Most of these records were
based on a single or a few observations, suggesting that such occurrences
may be uncommon. Of these six purposely introduced species, only one is
associated with a native moth thought to be extinct. Contrary to the notion
that biological control introductions have caused the extinction of many
ofour native moths, immigrant species and other biotic and abiotic factors
may play a more important role in their demise. It would be interesting to
tabulate the recorded lepidopterous hosts and prey of the many immig
rant species of parasites and predators for comparison with those of the
purposely introduced ones. However, such a compilation has yet to be
made.
Some biological control organisms have been reported to attack other
species of organisms, including plants, which are considered to be benefi
cial. Most of these records again were based on relatively few observations
and may not necessarily constitute common occurrences.
It is recognized that some risks are inherent in biological control
programs, as in any other pest control strategies. Because of this risk,
scientifically based procedures, developed over many years, are used as
guidelines to reduce risks of biological control introductions in Hawaii.
The present system of review and recommendation to the Board of
Agriculture by the scientific Advisory Subcommittee on Entomology and
the Advisory Committee on Plants and Animals, before release ofbiologi
cal control agents from the quarantine facility for mass propagation and
distribution, was developed to reduce the probability that released or
ganisms will be a threat to our environment. In addition, the present
philosophy of entomologists engaged in biological control programs in
Hawaii is to seek natural enemies which are highly host specific whenever
possible, and to recommend for release only those species which are
judged not to be a threat to non-target organisms by virtue of their proven
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host specificity, their ecological specificity, or the lack of suitable hosts
among the native biota. The fact that no purposely introduced species,
approved for release in the past 21 years, has been recorded attacking any
native or other desirable species in Hawaii attests to the soundness of the
present review system and philosophy.
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